S
EVERAL STUDIES HAVE DEMONstrated an inverse relationship between hospital primary angioplasty volume and mortality in patients presenting with ST-segment elevation myocardial infarction (STEMI). [1] [2] [3] [4] [5] Analysis of data by the National Registry of Myocardial Infarction 2 investigators between 1994 and 1998 indicated that high primary angioplasty volume hospitals (Ͼ33 procedures per year) had a 28% lower inhospital mortality compared with low primary angioplasty volume hospitals (5-11 procedures per year). 2 Another recent analysis using the same data set, but slightly different thresholds (Ͻ12 procedures per year, 12-36 procedures per year, and Ͼ36 procedures per year), yielded similar results. 1 Based on these and other studies, current American College of Cardiology/ American Heart Association (ACC/ AHA) guidelines for the management of patients with STEMI recommend that primary angioplasty in patients with STEMI be conducted by cardiac catheterization laboratories performing at least 36 primary angioplasties a year, as well as at least 200 total angioplasties a year. 6 The majority of these studies were conducted before the regular use of stents and the routine use of newer adjunctive pharmacotherapy, such as dual antiplatelet therapy and glycoprotein IIb/IIIa inhibitors, both of which have been associated with better outcomes in these patients. 7, 8 However, more contempo-
Results
Compared with low-and medium-volume centers, high-volume centers had better median DTB times (98 vs 90 vs 88 minutes, respectively; P for trendϽ.001).
High-volume centers were more likely than low-volume centers to follow evidencebased guidelines at discharge. Length of stay was similar between the 3 groups (P for trend=.13). There was no significant difference in the crude mortality between the tertiles of volume (incidence rate, 3.9% vs 3.2% vs 3.0% for low-, medium-, and highvolume centers, respectively; P = .26 and P = .99 for low-and medium-vs highvolume hospitals, respectively). Sequential multivariable modeling using generalized estimating equations revealed no significant association between hospital primary angioplasty volume and in-hospital mortality (adjusted odds ratio [OR], 1.22; 95% confidence interval [CI] , 0.78-1.91; P=.38 and adjusted OR, 1.14; 95% CI, 0.78-1.66; P=.49 for low-and medium-vs high-volume hospitals, respectively).
Conclusion
In a contemporary registry of patients with STEMI, higher-volume primary angioplasty centers vs lower-volume centers were associated with shorter DTB times and more use of evidence-based therapies, but not with adjusted in-hospital mortality or length of hospital stay.
rary data supporting a relationship between hospital primary angioplasty volume and outcomes are not available. Accordingly, we explored the relationship between primary angioplasty volume and patient outcomes (specifically, in-hospital mortality, door-toballoon [DTB] times, length of stay, and the use of evidence-based therapies) in patients presenting with STEMI, using data from the AHA's Get With the Guidelines-Coronary Artery Disease (GWTG-CAD) national database.
METHODS

Data Source and Study Population
Details of the AHA's GWTG-CAD have been previously published.
9,10 A detailed description is also available in the eMethods (available online at http://www .jama.com). For the purpose of our analysis, patients were included if the initial electrocardiogram showed new STsegment elevation or a new left bundlebranch block. In addition, patients having a cardiac diagnosis of STEMI were also included. Admissions staff, medical staff, or both recorded self-reported race/ethnicity, usually as the patient was registered. Patients were assigned to race/ ethnicity categories using options defined by the electronic case report form. Case finding was based on clinical identification of patients with CAD diagnoses or National Center for Health Statistics International Classification of Diseases, Ninth Revision identification of CAD diagnoses with clinical verification for data abstraction.
Participating institutions submitted the GWTG protocol for review and approval by their institutional review board. Because data were used primarily at the local site for quality improvement, sites were granted a waiver of informed consent under the common rule. Additional details about the data source are available in the eMethods (available online at http://www.jama.com).
At the time of the analysis, the registry included a total of 332 050 patients between July 5, 2001 , and December 31, 2007. We excluded 274 364 patients without STEMI and 21 561 patients who did not undergo primary angioplasty. In addition, we excluded 1480 patients receiving thrombolytic therapy (except those patients who received rescue angioplasty), as well as 697 patients who were transferred out, to avoid double-counting, and to ensure accurate reporting of outcomes such as mortality and length of stay. To ensure adequate data quality, we excluded an additional 2686 patients from 30 hospitals that had 25% or more missing data on past medical history. We excluded 11 hospitals with 425 patients that had missing site characteristics data. We also excluded 1324 patients who were treated at 122 hospitals that submitted less than 30 primary angioplasty cases over the 6-year duration of the study, because this represented underreporting, with the possibility of selection bias. Patients who were transferred in were included, resulting in 29 513 patients.
Assessment of Hospital Volume and Outcomes
The chief independent variable was hospital primary angioplasty volume. Primary angioplasty was defined as angioplasty performed as primary reperfusion therapy for acute STEMI. Annual primary angioplasty volume for each hospital was calculated as the total number of primary angioplasty patients in a hospital after baseline ϫ4 divided by the total number of quarters the hospital has been submitting data after baseline. Given that the latest ACC/AHA guidelines recommend that every hospital perform a minimum of 36 primary angioplasty procedures annually, 6 we divided hospitals into tertiles of volume as low (Ͻ36 procedures per year), medium (36-70 procedures per year), and high (Ͼ70 procedures per year). Total angioplasty volume was similarly calculated. Again, hospitals were divided into tertiles based on ACC/AHA recommended thresholds as low (Ͻ200 procedures per year), medium (200-400 procedures per year), and high (Ͼ400 procedures per year). 6 The primary outcome measure was inhospital mortality. Secondary outcome measures included median DTB times, the proportion of patients meeting the ACC/AHA guideline-recommended 90-minute DTB time, and length of hospital stay. The DTB time and length of stay were calculated only for patients who were not transferred in to the hospital.
To compare differences in the quality of care between the 3 groups, adherence with evidence-based medical therapies in eligible patients, such as the acute use (within 24 hours) of aspirin and ␤-blockers; the use of aspirin, ␤-blockers, clopidogrel, angiotensinconverting enzyme (ACE) inhibitors or angiotensin II receptor blocking (ARB) agents, and statins or lipid-lowering drugs at discharge; and smoking cessation counseling in current smokers, were assessed. All or none adherence was also compared between the 3 groups with a composite performance measure encompassing 6 key quality of care measures (patients discharged while taking aspirin and ␤-blockers, acute myocardial infarction and patients with angina receiving aspirin within 24 hours of presentation, patients with documented left ventricular dysfunction discharged while receiving an ACE inhibitor or ARB, smoking cessation counseling in current smokers, and patients with a low-density lipoprotein cholesterol level Ͼ100 mg/dL [to convert to mmol/L, multiply by 0.0259] who received lipid-lowering drugs).
Statistical Analysis
Volume was analyzed both as a categorical (tertiles) variable as well as a continuous variable. The hospital was the unit of analysis for assignment to a hospital-volume group. However, the patient was the unit of analysis for the evaluation of clinical variables and mortality. The patient and hospital characteristics, crude in-hospital mortality, and adherence to the evidence-based therapies were compared across the hospital primary percutaneous coronary intervention volume tertiles.
The mean (SD) and percentages are reported for continuous and categorical variables, respectively, except for DTB time, where medians (interquartile ranges [IQRs] ) are reported. Be-cause volume tertiles is an ordinal variable, Cochran-Mantel-Haenszel row mean scores and Cochran-MantelHaenszel nonzero correlation tests were used to test the trend of categorical variables and continuous variables over the primary percutaneous coronary intervention volume tertiles, respectively.
Sequential multivariable logistic regression, using generalized estimating equation approach to take into account within-hospital clustering, was performed to study the relationship between volume and the different outcomes. 11 Several additional analyses (described in the eMethods; available online at http://www.jama.com) were conducted, including using different volume thresholds, volume as a continuous variable, and all patients presenting with STEMI. All statistical analyses were performed using SAS version 9.1 (SAS Institute, Cary, North Carolina). All P values were 2-tailed, with statistical significance set at .05. All confidence intervals (CIs) were calculated at the 95% level.
RESULTS
A total of 29 513 patients with STEMI were treated with primary angioplasty at 166 hospitals across the United States. Hospital annual primary angioplasty volume ranged between 9 and 225 patients, with a mean of 59.8 and a median (IQR) of 49 (27-78) patients. Of the 166 hospitals, 65% (108) met the ACC/AHA recommended minimum of 36 primary angioplasties per year. Annual total hospital angioplasty volume ranged between 39 and 1264 patients, with a mean of 389 and a median (IQR) of 301 (192-552) patients. Baseline characteristics of the study population are shown in TABLE 1 and admission, laboratory data, and hospital characteristics are shown in TABLE 2.
Compared with low-and mediumvolume centers, median DTB times were the lowest in high-volume centers (98 vs 90 vs 88 minutes, respectively; P for trendϽ.001). The proportion of patients meeting ACC/AHA guidelines of DTB time of 90 minutes or less was highest in the high-volume centers (44% vs 50% vs 53%, respectively; P for trendϽ.001). After adjusting for patient and hospital characteristics, patients presenting to low-volume hospitals (odds ratio [OR], 0.72; 95% CI, 0.54-0.96; P=.03) but not mediumvolume hospitals (OR, 0.96; 95% CI, 0.72-1.28; P = .79) were less likely to achieve a DTB time of 90 minutes or less when compared with high-volume hospitals. In the subgroup of patients who achieved a DTB time of 90 minutes or less, mortality was similar between low-, medium-, and high-volume hospitals (2.7% vs 2.8% vs 2.4%, respectively; P for trend=.35).
Mean (4.6 vs 4.5 vs 4.7 days) and median (3 days each) lengths of stay were similar between low-, medium-, and high-volume hospitals, respectively (P for trend=.13).
By multivariable analysis, mediumvolume hospitals (OR, 2.53; 95% CI, 1.08-5.92; P = .03) but not lowvolume hospitals (OR, 1.73; 95% CI, 0.78-3.86; P=.18) were more likely than high-volume hospitals to give aspirin acutely (within 24 hours) to eligible patients (eTable; available online at http: //www.jama.com). There was no difference between low-volume (OR, 0.94; 95% CI, 0.49-1.79; P = .85) and me- (TABLE 3 and FIGURE) .
Various other thresholds were also tested; however, none of these demonstrated a significant volume-outcomes relationship. For instance, using thresholds of 25 or less procedures per year, 26 to 50 procedures per year, and 50 or more procedures per year yielded mortality rates of 3.7% vs 3.2% vs 3.2% for low-, medium-, and high-volume hospitals, respectively. The multivariable adjusted ORs were 1.06 (95% CI, 0.74-1.52; P =.74) and 1.09 (95% CI, 0.78-1.52; P = .62) for low-and medium-volume hospitals compared with high-volume hospitals, respectively. When tertiles were defined as less than 12 procedures per year, 12 to 36 procedures per year, and more than 36 procedures per year, there were only 2 hospitals (with 68 patients) that performed less than 12 procedures per year, thus resulting in mortality rates of 1.5% vs 3.9% vs 3.1%, respectively.
When all 30 837 patients were included (ie, including hospitals that submitted Ͻ30 cases during the entire study period), there was no difference between low-, medium-, and highvolume hospitals in in-hospital mortality (3.5% vs 3.2% vs 3.1%, respectively; P for trend=.12). When patients who were transferred in were excluded (n=9183), there was again no difference in the crude in-hospital mortality between the 3 groups (3.8% vs 3.2% vs 3.1%, respectively; P for trend=.08).
Although patients not undergoing primary angioplasty were excluded from the primary analysis, they constituted 30.1% of patients presenting with STEMI. Of these, 13.1% received thrombolytics, 8.2% received both thrombolytics and angioplasty, 3.1% had missing data, and the remaining were medically managed. Patients who did not undergo primary angioplasty had a significantly higher mortality (11.8%) compared with patients undergoing primary angioplasty (3.2%), and for these patients, low-and medium-volume hospitals had a higher crude mortality than high-volume hospitals (14.2% vs 12.9% vs 10.7%, respectively; P for trendϽ.001). In multivariable-adjusted analysis, lowvolume hospitals (OR, 1.51; 95% CI, 1.15-1.99; P = .003) but not mediumvolume hospitals (OR, 1.29; 95% CI, 0.98-1.69; P = .07) had higher inhospital mortality compared with highvolume hospitals.
Similarly, the crude mortality for all patients presenting with STEMI (irrespective of management strategy) was higher in the low-and medium-volume hospitals compared with the highvolume hospitals (7.4% vs 6.0% vs 5.3%, respectively; P for trendϽ.001). In multivariable analysis, low-volume hospitals compared with high-volume hospitals had a higher mortality (OR, 1.52; 95% CI, 1.16-2.00; P=.003). There was however no difference between medium-and high-volume hospitals (OR, 1.23; 95% CI, 0.95-1.58; P=.12).
There was a strong association between total and primary angioplasty volume (Spearman correlation coefficient=0.57, PϽ.001). Patients presenting to low total angioplasty volume hospitals (total annual angioplasty volume, Ͻ200) had a higher crude mortality compared with medium-volume (total annual angioplasty volume, 200-400) and high-volume hospitals (total annual angioplasty volume, Ͼ400) (3.5% vs 3.3% vs 3.0%, respectively; P for trend=.05). However, after sequential multivariable modeling, there was no difference in mortality between low-volume (OR, 1.20; 95% CI, 0.82-1.75; P=.35) and medium-volume hospitals (OR, 1.26; 95% CI, 0.94-1.68; P=.12) compared with high-volume hospitals.
COMMENT
Our analysis of contemporary data from approximately 30 000 patients presenting with STEMI at 166 hospitals across the United States indicates that compared with low-volume hospitals, highvolume hospitals have shorter DTB times, have a larger proportion of patients who achieve ACC/AHA recommended DTB times of 90 minutes or less, and demonstrate greater adherence with evidence-based therapies and recommendations. However, there was no difference in the length of stay or unadjusted or adjusted in-hospital mortality between low-, medium-, and highvolume primary angioplasty hospitals. There was also no difference in the adjusted mortality based on the total angioplasty volume of hospitals. Mediumvolume hospitals performed as well as high-volume hospitals for all quality of care measures assessed.
Our results, especially with respect to in-hospital mortality, are contrary to other published registry studies in patients with STEMI. [1] [2] [3] [4] [5] One of the main differences is that our study reflects more contemporary practice. Angioplasty techniques and adjunctive pharmacotherapy have seen substantial improvements over the past few years, and there has been a significant standardization of these practices nationwide. 12 In addition, evidence-based therapies are much more widely adopted and practiced. 13 A similar discrepancy between older and contemporary registries has been noted for surgical procedures as well. With standardization of processes of care for surgical procedures, several of the earlier observed differences in mortality between hospitals based on surgical volume are no longer significant. [14] [15] [16] The thresholds that we used to classify hospitals into low, medium, and high volume are different from prior studies. Although we did not specifically study all reported thresholds individually, we examined various thresholds other than the primary analysis of less than 36 primary angioplasties per year, 36 to 70 primary angioplasties per year, and more than 70 primary angioplasties per year, but did not find an association between primary angioplasty volume and mortality. In addition, we did not find an association between volume as a continuous variable and mortality, making it unlikely that other thresholds would significantly alter our findings. Lower thresholds tended to further reduce the sample size in the low-volume group, thereby further reducing the power of this study to detect any difference between the groups.
We opted to use thresholds based on minimum primary angioplasty volume recommendations by the ACC/AHA. 6 We did not observe any difference in inhospital mortality between hospitals that followed these recommendations vs those who did not (Ͻ36 primary angioplasties per year vs Ն36 primary angioplasties per year). This is reassuring because our registry indicates that more than a third of US hospitals do not achieve the recommended minimum of 36 procedures annually.
For our primary analysis, we excluded hospitals submitting less than 30 procedures over the study period. This was performed to minimize selection bias and to account for hospitals that had participated for a short time or inconsistently. Even when these patients were included in the analysis, only 745 (2.4% of the total population undergoing primary angioplasty) were treated at hospitals performing less than 12 primary angioplasties annually. In contrast, the study by Cannon et al 1 found that 17.5% of similar patients in the National Registry of Myocardial Infarction 2 registry were treated at hospitals performing less than 12 primary angioplasties annually. This may represent another reason for our failure to demonstrate a volumeoutcomes relationship for in-hospital mortality. Rather than our study being inconsistent with earlier data, it is conceivable that with the incorporation of volume as a metric based on those earlier studies, fewer hospitals, particularly those participating in the GWTG-CAD registry, were functioning as true "low-volume" hospitals, with a resultant reduction in mortality differences between these hospitals based on volume.
The higher mortality in lowvolume hospitals for all patients with STEMI and for patients who did not undergo primary angioplasty noted in our study is hypothesis-generating and warrants further investigation. It is plausible that lower-volume centers were being more selective in taking patients with STEMI for primary angioplasty.
One of the reasons our findings are important is that procedural volume is increasingly being used as a surrogate for quality of care. 15, 17 Some organizations have set standards for urban hospitals to meet before they would contract the care of their employees with them. These include minimum volumes for several procedures including angioplasty. 18 Our study makes a case against such volume criteria.
Compared with low-volume centers, our finding that high-volume centers are more adept at achieving shorter DTB times, as well as in adhering to evidence-based therapies in patients with STEMI, is likely an indicator of better systems of care in these hospitals. Further analysis and quantification of these systems could enable standardization of health care delivery across hospitals. 19 Because numerous studies have linked shorter DTB times and greater adherence to evidence-based medications with better outcomes, 6, [20] [21] [22] there are probably multiple reasons why a difference in in-hospital mortality between low-and high-volume hospitals was not observed, despite seeing a difference in DTB times and the use of evidence-based therapies between these hospitals. For instance, most of these studies assessed mortality over a longer period. Measurement of in-hospital mortality alone may thus represent inadequate follow-up. Additionally, inhospital mortality may not be the most sensitive discriminant of quality. 23 From a statistical perspective, we could be underpowered to detect a difference in mortality between low-and highvolume primary angioplasty hospitals. To demonstrate a significant 0.9% difference in mortality between these 2 groups with 80% power, the lowvolume tertile should have at least 6675 patients.
We acknowledge the limitations of our study. In addition to data being submitted voluntarily by participating hospitals, data were also collected by medical chart review and are thus dependent on the accuracy and completeness of documentation and abstraction. The GWTG-CAD is primarily a quality improvement registry and was not specifically designed to address the causal implication of hospital volume and mortality. Our analysis reflects a subgroup analysis performed in the context of hospitals actively engaged in quality improvement, without a control set. Analysis of data from a control group of hospitals, not in the GWTG-CAD registry, with low primary angioplasty volume is thus necessary to strengthen our findings. Another significant limitation is the inability to adjust for individual operator volume. It is conceivable that lowvolume hospitals may be performing as well as other hospitals because they have 1 or 2 high-volume operators. Several studies have demonstrated a relationship between high-operator volume for angioplasty and improved outcomes, 4, 5 although that difference seems to be getting smaller as well. 24 Finally, data on total ischemic (symptomto-door) time was not available. This would have enabled a more complete evaluation of differences in systems of care between hospitals, such as ambulance triage and prehospital electrocardiogram.
CONCLUSIONS
In a contemporary registry of patients with STEMI, higher-volume primary angioplasty centers compared with lowervolume centers were associated with shorter DTB times and greater use of evidence-based therapies, but not with adjusted in-hospital mortality or length of hospital stay. Further studies corroborating our findings with the use of stents and newer adjunctive pharmacotherapy are necessary, including longerterm follow-up.
